The purpose of this study was to assess the properties of 
mediating peripheral tolerance and preventing autoimmunity [4] [5] [6] . Increased frequencies of Tregs have been documented in the peripheral blood and in some cases the tumor microenvironment in patients with several different tumor types [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . It has been reported that, in HCC patients, increased Tregs are correlated with CD8 + T-cell impairment [11] and are related to poor prognosis [1] .
Tregs are known to consist of heterogeneous subsets and to express various surface markers detectable by flow cytometry, including CD45RO, CTLA-4 (cytotoxic T lymphocyte associated antigen-4), GITR (glucocorticoid-induced TNF receptorrelated protein), CD62L, HLA-DR, and CCR7 [8, [13] [14] [15] . The role of these markers in suppressor functions mediated by human Tregs is currently under discussion [8] . It has been suggested that GITR is associated with T cell activation [16, 17] and Treg subset expressing GITR are associated with disease activity in patients with Wegener's granulomatosis [17] . As for HCC, Ormandy et al. demonstrated that Tregs in HCC patients expressed high levels of HLA-DR and GITR [3] . However, there is a paucity of studies presenting the association of Treg subsets with disease progression.
In addition to Tregs, dendritic cells (DCs), a type of professional antigen-presenting cells (APCs), may be implicated in the regulation of immune [20] . Conversely, Tregs can induce the generation of semimature DCs by which they can down-regulate immune responses [21] . These data suggest that there may be a mutual interaction between Tregs and DCs for the maintenance of immunosuppression.
In the present study, we evaluated the frequency and properties of + subset was increased in HCC patients. We also analyzed how the subset is related to DC frequencies, and found that some subsets were relevant to disease progression.
Materials and methods

Patients and Healthy Controls
Sixty-two HCC patients attending Kanazawa University Hospital (Ishikawa, Japan) between September 2006 and July 2008 were enrolled in this study with their informed consent. HCC was radiologically diagnosed by computed tomography(CT), magnetic resonance imaging(MRI), and CT angiography. Blood samples were taken from these HCC patients, as well as from 41 healthy controls, 17 patients with chronic hepatitis (CH) B and C and 16 patients with liver cirrhosis (LC) without a tumor. None of the patients received anticancer nor antiviral therapy at time of blood sample.
Patients characteristics and disease classification are shown in Table 1 .
Isolation of PBMC and CD4 + T Cells
Peripheral blood mononuclear cells (PBMC) were isolated from freshly 
Antibodies
The following anti-human monoclonal antibodies (mAb) were used for flow mAbs were titrated using normal PBMC to establish optimal staining dilutions.
Surface and Intracellular Staining
To determine the frequency of CD4 for 15 minutes at room temperature. Apropriate isotype controls were included for each sample.
Flow Cytometric Analysis
The samples were acquired on a FACSCalibur for four-color flow cytometry.
Data analysis was performed using the CellQuest software (Becton Dickinson, CA, USA).
Statistical Analysis
Data are indicated as means ± SD unless otherwise stated. The statistical significance of difference between the two groups was determined by applying the Mann-Whitney nonparametric U test. P < 0.05 was considered significant.
Results
Frequencies of CD4 + CD25 high T Cells
To evaluate the frequencies of CD4 
Intracellular Foxp3 and Cytokine Production of the CD4 + CD25 high T Cell Subset in HCC Patients
The transcription factor Foxp3 is considered to be a specific marker for Tregs [22] [23] [24] . Intracellular Foxp3 levels were detected by using the specific mAb after the cell membrane permeabilization procedures ( Fig 
Phenotypes of the CD4 + CD25 high T Cell Subset in HCC Patients
To determine the phenotypical properties of CD4 
CD4 + CD25 high T Cell Subset and Tumor Progression
To evaluate the association between CD4 + CD25 high T cell phenotype and tumor progression, we compared the maximum tumor diameters, the number of tumors, tumor markers AFP (alpha-fetoprotein) and DCP (des-gamma-carboxyl prothrombin), TNM stages, Child-Pugh scores and fibrosis stages between two groups as described above.
The levels of serum AFP and DCP and the maximum tumor diameters in CD45RO ++ group were larger than those in CD45RO + group (Fig. 6 ). Others were not significantly different between two groups. These results imply that a subset of Tregs may contribute to the progression of liver tumors. Concerning the association of Tregs and prognosis, it has been reported that an increased number of circulating Tregs predicts poor survival of patients with renal cell carcinoma [4] , gastric and esophageal cancers [7] , myelodysplastic syndrome [37] and HCC [11] . In addition, tumor-infiltrating Tregs were associated with reduced survival in ovarian cancer [12] and HCC patients [1] . In addition, we found that 
Discussion
